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SEALING HAT FOR CLOSINS Jt EACTION TUBES 

The invention relates to a sealing mat for sealing test tubes, in particular to a sealing 
5 mat comprising a carrier sheet provided with a multiplicity of sealing elements for sealing 
test tubes. 

A sealing mat of this type is known in practice. In this known sealing mat the carrier 
sheet and the sealing elements are made as an integral whole from one material and 
permanently joined to one another. Such sealing mats are used in particular with storage 
10 and reagent means, such as test tubes (also termed microtubes), microtitration plates and 
Q "Deepweir blocks (these are test tubes permanently joined to one another). In this case the 
J test tubes are in general grouped in a cluster in accordance with an 8 x 12 matrix pattern. A 
|^ major advantage of such mats is mat it is possible by mis means as it were to open and to 
ill seal a large number of test tubes at the same time in a single operation. One disadvantage 
q15 of the known sealing mat, amongst others, is that opening the test tubes is not always 
;L. equally easy. The sealing elements sometimes have the tendency to remain firmly seated in 
m the test tubes, in which case a substantial force then has to be exerted on the mat in order to 
remove the mat, under the influence of which force the mat has the tendency to stretch and 
□ also to lift the tube concerned, and also other tubes, out of the rack. Another disadvantage 
20 is that soiling or contamination can occur in other test tubes when the sealing mat is 
removed. A further major disadvantage is that all test tubes have to be opened in order to 
gain access to one test tube. A further disadvantage is that tools must be used if an 
individual (single) sealing element has to be fitted. 

Within the scope of the invention a test tube is to be understood to be a container for 
25 storing substances, either in liquid form, powder form, solid form or in combinations 
thereof, for the purposes of chemical analyses, sample storage, performing chemical 
reactions in the test tube, etc. Such test tubes can have sizes ranging from small test tubes, 
such as so-called "microtubes" with a capacity of the order of 02 ml (or possibly less), to 
large test tubes having a capacity of 10 ml or more. Within the scope of the invention a test 
30 tube must also be understood to be composite storage and reagent means, such as 
microtitration plates and Deepwell blocks. 

US-A 5 282 543 discloses a sealing mat for sealing test tubes placed in a matrix 
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pattern. According to a second embodiment of US-A 5 282 543, the sealing mat consists of 
a sheet-like body that joins together a number of nodules which act as sealing elements and 
are arranged in a matrix pattern corresponding to the test tubes. The sheet-like body is 
provided with passages diagonally between every two adjacent nodules in order to 
guarantee adequate circulation of air for the purposes of heat transfer from a contact block 
to the underside of the sheet-like body. The entire teaching of US-A 5 282 543 is directed 
towards the nodules bemgpenrmnentry attached to me sheets 

EP-A 0836 884 discloses a sealing system consisting of so-called inner sealing 
means and outer sealing means. The ^ ^ means ^ of 

winch are to be placed within the open top end of a test tube and are sealed at their tops by 
a flat plate-like component having therein an optionally open, preformed passage for the 
point of a pipette. A number of inner sealing means are joined to one another by joining 
stnps to give a matrix-like pattern. In this case there is no question of a carrier sheet and 
EP-A 0 863 884 also does not teach that the inner sealing means can be separated from one 
another. For sealing, in particular, the passages in the inner sealing means EP-A 0 836 884 
provides outer sealing means in the form of a large sheet that is placed over the test tubes 
provided with inner sealing means and is pressed down onto these to produce a seal 

However, this large sheet is not a carrier sheet for the cylindrical components of the inner 

sealing means. 

The aim of the present invention is to provide an improved sealing mat for sealing 



test tubes. 



This aim is achieved according to the invention in that the carrier sheet, on the one 
hand, and the sealing elements, on the other hand, are made of different materials, such as 
plastics. As a result of making the carrier sheet and the sealing elements for the sealing mat 
of different materials it becomes possible, inter alia, to use one material for the sealing 
elements, which, on the one hand, has very good sealing properties, and to use a material 
for the carrier sheet which, on the other hand, has properties which are" favourable with 
respect to removing me sealing mat from the test tubes. These sealing properties on the one 
hand and removal properties on the other hand can then be mutually incompatible. 

By making the carrier sheet and the sealing elements for the sealing mat of different 
matenals it becomes possible to assign another material to one of the elements, without the 
characteristics of the other material being affected. Examples are different colourings or 
different chemical resistance. However, making the carrier sheet, on the one hand, and the 
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sealing elements, on the other hand, of different materials also offers yet further 
advantages. Since the sealing elements have to seal test tubes, special requirements are 
generally imposed on these in connection with chemical resistance. 

So that the sealing elements have a good sealing action it is advantageous, according 
to the invention, if the sealing elements are made from a flexible and/or resilient material. 
This makes a close fitting seal of the sealing element on the test tube possible. 

According to a particularly preferred embodiment of the sealing mat according to the 
invention it is highly advantageous if the sealing elements are attached to the carrier sheet 
such that they can be removed. In particular, this makes it possible to be able to open, 
independently of one another, the test tubes sealed by means of the sealing elements. After 
sealing the test tubes the carrier sheet can, for example, be removed, after which each of 
the test tubes is individually sealed and can also be moved individually in the sealed state. 

According to a particular further embodiment of die invention it is advantageous if 
the sealing elements are attached to a carrier sheet in such a way that they detach from the 
carrier sheet when the latter is pulled bade, while folding it over towards the rear, after 
sealing one or more test tubes. Pulling the carrier sheet back while folding it over towards 
the rear, that is to say pulling it back in a direction essentially transverse to the longitudinal 
direction of the test tubes, prevents a force acting in the longitudinal direction being 
exerted on the test tubes, which force could lift the test tubes from their container or rack. 
The sealing mat with which sealing elements are detachably attached to the carrier sheet 
has the additional advantage that said mat can be employed more easily in an automated 
process. According to a further embodiment guides are therefore also provided on opposing 
sides of the mat. 

From the production engineering standpoint the join between the sealing elements 
and the carrier sheet can be produced simply and reliably if the sealing elements are 
provided with a peripheral groove in which the edge of the opening made in the carrier 
sheet is accommodated. With this arrangement the production procedure dan be as follows: 
A sheet having one opening per sealing element is first formed, for example by 
punching the desired number of openings in the desired positions in a sheet of 
suitable material. This sheet is then placed taut in an injection moulding mould, 
such that each opening is located at the position of the mould cavity for a sealing 
element. The edge of the opening in the carrier sheet will then project somewhat 
into the mould cavity in order to be incorporated or embedded in the sealing 
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element on injecting the material for that sealing element Depending on, inter alia, 
the materials used f r the sealing elements and the carrier sheet, the injection 
moulding temperature and the duration of the injection moulding process, as well as 
on possible other factors, the sealing elements and the carrier sheet can then fuse 
5 with one another during this operation in order to form an integral whole or the 

edge of the carrier sheet can merely be accommodated in the peripheral groove 
without entering into a direct join with the sealing element other than by enclosure 
in the peripheral groove. 

Other possible joins between the sealing elements and the earner sheet are also 
10 conceivable, including clamping of the components on a mechanical basis or gluing in 
some other way. Permanent and completely loose joins can be produced fay these means. 
5 In order to make simple removal or detachment of the carrier sheet possible by 

i£ pulling the latter away by folding over towards the rear in the case where the sealing 
elements have been detachably fixed to the carrier sheet, it is advantageous according to 
|^ 15 the invention if the peripheral groove is formed just below the top end of the sealing 
13 element In this context "just below" is understood to be such that the sealing element is 
□ still able to overlap the carrier sheet at the top. With this arrangement the distance from the 
j{| , top of the groove to the top of the sealing element will in general be of the same order of 
IS magnitude as the thickness of the carrier sheet, for example 0.25 to 4 times the thickness of 
- 20 said carrier sheet It is possible, for example, to make the distance from the top of the 
peripheral groove to the top of the sealing element equal to the thickness of the carrier 
sheet. If a 0.3 mm thick film is used for die carrier sheet this distance will then be 0.3 mm, 
or "just below" in this example must be taken to read 0.3 mm below the top end. Especially 
in the case where the sealing elements are detachably fixed to the carrier sheet and 
25 preferably are not fused to the latter, this provision of the peripheral groove just below the 
top end of the sealing element offers the advantage that the sealing element can be pulled 
away from the carrier sheet relatively easily in the downward direction relative to the 
carrier sheet The small overlapping thickness of the sealing element, which is of the order 
of magnitude of the thickness of the carrier sheet, will then easily be able to give in order to 
30 be able to pull the sealing element from the carrier sheet Although not absolutely 
necessary, it will be clear that this "detachability" functions particularly well if the sealing 
elements have been made from a relatively flexible material, it being possible for the 
carrier sheet then to have been made from a relatively rigid, or optionally even also 
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flexible, material. 

In order to counteract the carrier sheet accidentally being able to detach from the 
sealing element in the downward direction over said sealing element (if, for example, the 
sealing element is restrained and downward force is exerted on the carrier sheet), it is 
5 advantageous if the bottom face of the peripheral groove is continued further in the 
outward direction than is the top face of the peripheral groove. The sealing element thus 
provides a larger support surface for the carrier sheet in the downward direction, whilst 
said carrier sheet can still be detached from the sealing element in the upward direction. 

The sealing elements can be of solid construction, but according to the invention it 
1 0 is advantageous if the sealing elements are caps, in particular caps which are hollow on the 
inside and open at the top, which are suitable for accommodating in the open end of the test 

□ tubes with an open end facing up. In this way the sealing element is more suitable for 
puncturing with a needle in order to gain access to the contents of the test tube. Because 
use is made 6f a carrier sheet containing holes, the needle will not have to puncture this 

^ 15 carrier sheet, which also brings various advantages. 

□ The material to be used can be of diverse nature. The following aspects in particular 
q can be taken into account 

W In order to counteract the contents of a test tube being able to enter into a reaction 

□ 

jj] with a sealing element it is advantageous according to the invention if the sealing elements 
{1 20 are made from a chemically resistant material. 

According to die invention, sealing elements which have good closing and sealing 
characteristics as well as chemical resistance are obtained if the sealing elements are made 
from a TPE (thermoplastic elastomer) or PP (polypropene). 

According to the invention it is particularly advantageous if the sealing elements are 
25 constructed such that they can be punctured by a needle, preferably relatively easily. 

According to the invention the carrier sheet can advantageously be made from a 
PET (polyethene terephthalate) or PP (polypropene) material. 

The present invention will be explained in more detail below with reference to 
illustrative embodiments shown in the drawing. In the drawing: 
30 Fig. 1 shows a diagrammatic, perspective view of a container containing ninety-six 

test tubes on which a sealing mat according to the invention has been placed; 

Fig. 2 shows a diagrammatic and perspective illustration of a sealing mat according 
to a first embodiment of the invention; 
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Fig. 3 shows a diagrammatic and perspective view of an illustration f a sealing mat 
according to a second embodiment of the invention; 

Fig. 4 shows a diagrammatic sectional view of a detail of a sealing mat according to 
the invention, in particular a portion of the sealing mat at the location of a sealing element; 
5 Fig. 5 shows a diagrammatic and perspective view of an illustration of a sealing mat 

according to the invention used with a so-called "Deepwell" block; and 

Fig. 6 shows a diagrammatic and perspective view of an illustration of a sealing mat 
according to the invention used with a so-called microtitration plate. 

Before discussing the figures in more detail it is pointed out mat what is shown in 
10 Figures 1 and 4 must be seen both in relation to the first embodiment according to Fig. 2 
and in relation to the second embodiment according to Fig. 3. Hie sealing mat shown in its 
□ entirety in Fig. 1 and by means of a detail in Fig. 4 can thus, as far as what is visible 
;S immediately from the figures is concerned, relate both to the sealing mat according to Fig. 
j~ 2 and the sealing mat according to Fig. 3. The reason is that the difference between the 

nj 15 embodiment according to Fig. 2 and the embodiment according to Fig. 3 essentially results 

m 

□ 



13 



from the material used for the carrier sheet 
:^ Fig. 1 shows a container or rack 1 in which ninety-six test tubes 2, or, more 

ffl accurately, so-called "microtubes" 2, have been placed in an 8 x 12 matrix pattern. The 
openings of these microtubes 2 are at the top and essentially in a flat plane. A sealing mat 3 
20 consisting of a carrier sheet 4 with ninety-six cap-shaped sealing elements 5 has been 
placed on top of the microtubes 2. Each cap-shaped sealing element 5 has been pressed as a 
stopper into the open top of a microtube 2 in order that its side face 14 (Figure 4) comes 
into contact with the inside wall of the microtube to provide a closure and a seal. Hie 
sealing mat 3 is further provided with a lip 6 that can serve as a grasping point for removal 
25 of the mat 3 or at least the carrier sheet 4. 

If the carrier sheet 4 and the sealing caps 5 in the embodiment shown in Fig. 3 were 
to be made as an integral whole from one and the same material, the sealing mat 3 could 
then be regarded as a sealing mat according to the prior art known in practice. 

However, according to the invention in the embodiment according to Figure 3 the 
30 sealing elements 5 and the carrier sheet 4 are made from different materials, which 
different materials will have properties which differ from one another. Thus, "different 
materials" must also be understood as, for example, two PP materials which have different 
compositions and/or properties. In the case of the example shown in Fig. 3 the sheet and 
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the sealing elements can both have been made from a PP material, but using a PP for the 
sheet that differs from that used for the sealing elements. 

However, an advantageous embodiment is found to be sealing elements made of a 
TPE on a PP carrier mat 

5 As a result of using different materials for the sealing elements 5 and the carrier 

sheet 4, in accordance with the invention, it becomes possible, for example, to use a 
material for the sealing elements 5 that has very good properties with regard to sealing 
against the (inside) wail of the test tubes 2 and/or the chemical resistance and to make the 
carrier sheet 4 from a material that has very good properties in particular with regard to the 

10 removal of the sealing mat or at least the carrier sheet and optionally also fitting of the 
sealing mat, which good properties of a material for the carrier sheet and a material for the 

□ sealing elements can be completely incompatible with one another. Thus, it becomes 
lg possible to obtain a sealing mat that in respect of, inter alia, sealing, removal and fitting is 
! ^ appreciably better than that disclosed in the prior art 

11115 With reference to Figure 4, which is shown on a larger scale, the sealing mat 3 

□ according to the invention can be produced by taking a carrier sheet 4, for example a film 
;L_ having a thickness of less than 0.5 mm, as the starting point, punching a matrix of 8 x 12 

\Pi openings in this carrier sheet 4 and then clamping this carrier sheet 4 between two mould 

0 

, J halves of an injection moulding mould in such a way that the edge portions 8 around the 
!°f 20 openings 7 project into the mould cavities of the mould halves and are embedded in a 
groove 9, to be formed around said edge portions 8, when injection moulding the material 
for the sealing element 5. Enclosure of the edge portions 8 between a lower limiting 
surface 10 and an upper limiting surface 11 of the groove 9 is achieved in this way. 
Depending on the conditions during the injection moulding process and/or the materials 
25 used for the carrier sheet 4 and the sealing elements 5 and/or other conditions, fusion of 
carrier sheet material and sealing element material may or may not then take place in the 
groove 9. If, for example, the sealing elements are made from a TPE and*the carrier sheet 4 
from a PP film fusion will in general then occur, whilst if the sealing elements are made 
from a TPE film and the carrier sheet from a PET film in general no mutual fusion but 
30 merely an enclosure or clamping will then take place. 

If fusion takes place between the carrier sheet material and the sealing element 
material, the sealing elements will in general not be detachable, or at least not easily 
detachable, from the carrier sheet This embodiment is shown in Fig. 3. As is shown 
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diagrammatically in this figure, the sealing elements 5 will then all be removed from the 
test tubes or microtubes 2 more or less at the same time, at least in one operation, when a 
pull is exerted on the lip 7. 

If no rusi n takes place between the carrier sheet material 4 and the sealing element 
5 material 5 or only low strength fusion takes place between them, the sealing elements 5 can 
then be detached from the carrier sheet 4, which has the advantage that test tubes can then 
be left behind which can all be handled individually in the sealed state. Such an 
embodiment is shown in Fig. 2, in which, after detaching a portion of the carrier sheet 4, 
the openings 7 in which sealing elements 5 were seated are clearly visible. In the 
10 embodiment according to Fig. 2 the carrier sheet can have been made from a PET and the 
sealing elements can have been made from a TPE. 

□ Again with reference to Fig. 4, it can be seen that the carrier sheet 4 is 

"Id 

ig accommodated a distance A just below the top 12 of die sealing element 5 in a peripheral 
groove 9 thai extends in the peripheral direction about the axis 13 around the entire 

11115 periphery of the sealing element 5 and that this distance A is of the same order of 

IP 

□ mftgnitiiHp. as the tbtpJmftgg B of the carrier sheet 4. It can also be seen that the lower 
^ limiting surface 10 of die groove 9 extends further outwards with respect to the axis 13 
\Ti than does the upper limiting surface 11 of the groove 9. In this way a support surface for 
13 the carrier sheet 4 in the downward direction is provided which is relatively larger than the 
^20 support surface in the upward direction. This larger support surface 10 is particularly 

advantageous if the sealing elements 5 are removable from the carrier sheet 4. Specifically, 
in this way it is possible to counteract the carrier sheet 4 coming out of the groove 9 in die 
downward direction as a result of pressing on the carrier sheet 4 or on an adjacent sealing 
element 5, which in such a case could be unintentional and could occur when pressing an 
25 adjacent or neighbouring sealing element 5, or at least to make this more difficult Hie 
overlap with the carrier sheet 4 is relatively small at the upper limiting surface 11 
compared with the overlap with the lower limiting surface 10, which facilitates removal of 
the sealing element 5 from the carrier sheet 4, certainly if the sealing element 5 has been 
made from a relatively flexible, compliant material that is particularly very suitable for the 
30 sealing action in a test tube. This construction makes it possible in particular, as is shown 
diagrammatically in Fig. 2, to pull the carrier sheet 4 back and away in the manner termed 
"folding over towards to the rear** in the direction of arrow C more or less parallel to the 
plane in which the openings of the test tubes 2 are located. This pulling back and away will 
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be easy to cany ut especially in the case of a relatively rigid carrier sheet 4, leaving the 
sealing elements 5 behind in the test tubes 2. 

With reference to Fig. 4 it is also pointed out that the essentially vertical flat portion 
14 is the portion that essentially will provide die closing and seal at the inside wall of die 
5 test tube. On the grounds of, on the one hand, considerations with regard to saving of 
material and, on the other hand, considerations of functionality, the sealing elements 5 are 
constructed as caps having an internal cavity 15 open at the top. 

The following dimensions are given merely by way of indication of the dimensions 
which a sealing element of a sealing mat according to the invention could have, as far as 
10 the embodiment shown in Fig. 4 is concerned: 

is approximately 7.5 mm 
is approximately 0.3 mm 
is approximately 0.3 mm 
is approximately 4.8 mm 
is approximately 0.3 mm. 
□ It will be clear that these dimensions will relate to microtubes having an opening 

g diameter of approximately 7.5 mm However, it will also be clear that these dimensions are 
tfi merely indicative and that the sealing elements and the carrier sheet can also have other 
13 dimensions, which can be either larger or smaller dimensions, depending on the 
20 application. 

Figure 5 shows a sealing mat according to Figure 2 used with a "DeepwelT block, 
that is to say the sealing mat of the type with which the sealing elements 5 are detachable 
from the carrier sheet 4. This "DeepwelT block that is indicated by 20 is, as it were, a 
block containing integral test tubes 21 (which thus cannot be removed from the block). 

25 However, it will be clear that the sealing mat according to Figure 3, that is to say the 
sealing mat of the type with which the sealing elements 5 are permanently joined to the 
carrier sheet 4, can also be used with a "Deepwell" block. 

Figure 6 shows a sealing mat according to Figure 3, that is to say the sealing mat of 
the type with which the sealing elements 5 are permanently joined to the carrier sheet 4, 

30 used with a "microtitration plate". The microtitration plate, which is indicated by 20, is, as 
it were, a plate containing integral shallow test tubes 22 (which thus cannot be removed 
from the plate). However, it will be clear that the sealing mat according to Figure 2, that is 
to say the sealing mat of the type with which the sealing elements 5 are detachable from the 
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carrier sheet 4, can also be used with a microtitradon plate. 



